Synthesis
Supporting Information S-5 S3. A soln of crude S2 (3.67 mmol) in toluene (40 mL) was stirred at 110 °C for 3 h. Toluene was evaporated under reduced pressure. The crude product was used without further purification. S4. To a soln of crude S3 (3.67 mmol) in AcOH (30 mL) and H 2 O (3 mL) at 23 °C was added Zn dust (2.4 g, 36.7 mmol) . The reaction mixture was stirred at 90 °C for 4 h. The mixture was cooled to 23 °C and filtered through Celite using EtOAc. Sat. aq NH 4 Cl was added, the phases were separated, and the aqueous phase was extracted with EtOAc (2 ×). The organic layers were combined, dried (anhyd MgSO 4 ), and evaporated under reduced pressure. The crude product was purified by flash column chromatography (hexane-EtOAc, 4:1) to give S4 (379 mg, 66%, 4 steps). 1 H NMR (300 MHz, CDCl 3 ) 4. 92-4.88 (m, 1H), 4.72-4.69 (m, 1H) , 2.29 (s, 2H), 2.12-2.09 (m, 2H), 1.79 (s, 3H), 1.07 (s, 6H).
9b. General procedure: Triethylamine (1.06 equiv.) was added to a stirring solution of carboxylic acid (1.0 equiv.) in dichloromethane (0.5 M) at 0 °C. Diphenylphosphoryl azide (1.06 equiv.) was then slowly added. After disappearance of the starting carboxylic acid by TLC (3-5 h), the reaction was concentrated under vacuum and rapidly purified by flash chromatography (typically hexane-Et 2 O or hexane-EtOAc, 9:1 to 4:1; solvent removal was carried out with the rotovap bath temperature less than 23 °C). The resulting acyl azide was slowly converted to the desired isocyanate by sitting in neat at ambient temperature for 24 h followed by gently heating at 35 °C for 3-6 h. 9b; following the general procedure; colorless oil; yield: 289 mg (78%). 1 H NMR (300 MHz, CDCl 3 ) 4. 92-4.89 (m, 1H), 4.70-4.67 (m, 1H) , 3.12 (s, 2H), 2.00 (s, 2H), 1.79-1.77 (m, 3H) , 0.96 (s, 6H). 13 C NMR (75 MHz, CDCl 3 ) 142. 5, 115.2, 53.5, 46.8, 36.0, 25.6, 25.4 . IR (NaCl, Thin Film) 3068, 2960 , 2929 , 2868 , 2269 , 1634 , 1465 .
Supporting Information S-6 2-(Isocyanatomethyl)-2-(2-methylallyl)-1,3-dioxolane (9c) S5. To a soln of TESCl (6.58 mL, 39.2 mmol) in CH 2 Cl 2 (200 mL) were added 1,3-propanediol (8.5 mL, 117 mmol), Et 3 N (8.2 mL, 58.8 mmol), and DMAP (240 mg, 1.96 mmol). The reaction mixture was stirred at 23 °C overnight. EtOAc and H 2 O were added, and the phases were separated. The organic layer was washed with H 2 O (3 ×), washed with brine (1 ×), dried (anhyd MgSO 4 ), and evaporated under reduced pressure. The crude product was purified by flash column chromatography (hexane-Et 2 O, 7:3) to give S5 (5.37 g, 72%) as colorless oil.
S6. General procedure: To soln of alcohol (1.0 equiv) in EtOAc (0.1 M) was added IBX (2.5 equiv).
The reaction mixture was stirred at reflux temperature for 4-6 h. The mixture was cooled to 0 °C followed by filtration and rinse with EtOAc. EtOAc was evaporated under reduced pressure. S6; following the general procedure; the crude product was used without further purification. S7. To a soln of crude aldehyde S6 (10.6 mmol) in Et 2 O (180 mL) was added a 0.5 M soln of 2methylallylmagnesium chloride in THF (27.6 mL, 13 .8 mmol) slowly at -78 °C. The reaction was allowed to warm quickly to 23 °C and was quenched with sat. aq NH 4 Cl after 2 h. After stirring vigorously for 30 min, the organic layer was separated, washed with water (2 ×), washed with brine (1 ×), dried (anhyd MgSO 4 ), and evaporated under reduced pressure. The crude product was purified by flash column chromatography 85:15) 
Supporting Information S-7 S8. Following the general procedure for S6; the crude product was used without further purification.
S9.
To a soln of crude ketone S8 (5.7 mmol) in CH 2 Cl 2 (30 mL) were added ethylene glycol (2.4 mL, 22.8 mmol), triethyl orthoformate (3.3 mL, 19.9 mmol), and pTsOH (108 mg, 0.57 mmol). The reaction mixture was stirred at 23 °C overnight and quenched with sat. aq NaHCO 3 . The phases were separated and the aqueous phase was extracted with EtOAc (2 ×). The organic layers were combined, dried (anhyd MgSO 4 ), and evaporated under reduced pressure. The crude product was purified by flash column chromatography (hexane-EtOAc, 1:3) to give S9 (390 mg, 40%, 2 steps). 1 H NMR (300 MHz, CDCl 3 ) 4. 90-4.88 (m, 1H), 4.80-4.77 (m, 1H) , 4.02 (s, 4H), 3.75 (br t, 1H, J = 5.5 Hz), 2.57 (t, 1H, J = 5.5 Hz), 2.36 (s, 2H), 1.98-1.95 (m, 2H), 1.80 (s, 3H) . S10. Following the general procedure for S6; the crude product was used without further purification. S11. General procedure: To a soln of aldehyde (1.0 equiv) in 1:1 THF-H 2 O (0.1 M) were added 2methyl-2-butene (5.0 equiv), NaH 2 PO 4 .H 2 O (2.0 equiv), and NaClO 2 (2.0 equiv). The reaction mixture was stirred at 23 °C for 6-10 h. EtOAc and H 2 O were added, the phases were separated, and the aqueous phase was extracted with EtOAc (2 ×). The organic layers were combined, dried (anhyd MgSO 4 ), and evaporated under reduced pressure. S11; following the general procedure; the crude product was used without further purification. 9c. Following the general procedure for 9b; colorless oil; yield: 125 mg (49%, 3 steps). 1 H NMR (300 MHz, CDCl 3 ) 4. 92-4.88 (m, 1H), 4.83-4.80 (m, 1H) , 4.10-4.03 (m, 4H), 3.34 (s, 2H), 2.38 (s, 2H), 1.82 (s, 3H) .
Synthesis
Supporting Information S-8 2-(Isocyanatomethyl)-2-(2-methylallyl)-1,3-dithiane (9d) S12. To a soln of 2-(2-methylallyl)-1,3-dithiane (2.0 g, 11.5 mmol -Org. Lett. 2010 Lett. , 12, 2672 in THF (28 mL) was added a 1.6 M soln of n-BuLi in hexanes (7.9 mL, 12.6 mmol) dropwise at 0 °C and the mixture was stirred at 0 °C for 30 min. Using a cannula, the previous cold soln was transfer quickly to a soln of bromoacetic acid (1.75 g, 12.6 mmol) in THF (28 mL) at 0 °C. The reaction mixture was stirred at 0 °C for 10 min followed by filtration. The filtrate was quenched with 1N HCl, EtOAc was added, the phases were separated, and the aqueous phase was extracted with EtOAc (2 ×). The organic layers were combined, dried (anhyd MgSO 4 ), and evaporated under reduced pressure. The crude product was purified by flash column chromatography (hexane-EtOAc, 5:1) to give S11 (539 mg, 20% 
tert-Butyl(1-isocyanato-4-methylpent-4-en-2-yloxy)dimethylsilane (9e)
S13. To a soln of secondary alcohol (2.43 g, 9.7 mmol -Angew. Chem., Int. Ed. 2004 , 43, 2148 in CH 2 Cl 2 (32 mL) were added TBSCl (1.61 g, 10.7 mmol) and imidazole (1.65 g, 24.3 mmol) . The reaction was stirred at 23 °C overnight and was quenched with H 2 O. Et 2 O was added, the phases were 
S14.
To a soln of S13 (2.79 g, 7.65 mmol) in CH 2 Cl 2 (38 mL) at 23 °C were added H 2 O (2.0 mL) and DDQ (2.08 g, 9.18 mmol). The reaction was stirred at 23 °C overnight and was quenched with sat. aq NaHCO 3 . The phases were separated and the aqueous phase was extracted with CH 2 Cl 2 (2 ×). The organic layers were combined, washed with brine (1 ×), dried (anhyd MgSO 4 ), and evaporated under reduced pressure. The crude product was used without further purification. S15. Following the general procedure for S6; the crude product was purified by flash column chromatography (hexane-EtOAc, 19:1) to give S15 (1.05 g, 57%, 2 steps). 1 H NMR (300 MHz, 
S16:
Following the general procedure for S11; the crude product was purified by flash column chromatography (hexane-EtOAc, 9:1) to give S16 (1.13 g, 99%). 
Synthesis
Supporting Information S-10 2-(Isocyanatomethyl)-4-methylpenta-1,4-diene (12a) S17. General procedure: Zn (4.2 equiv) was charged in a two neck flask equipped with a reflux condenser. THF (33% of the amount needed to reach 0.3 M based on propargylic alcohol) and dibromoethane (0.1 equiv) were added. The suspension was stirred at reflux temperature for 1 min and cooled back down to 23 °C. TMSCl (0.1 equiv) was then added, the suspension was stirred at 23 °C for 30 min, and cooled down to 0 °C. A soln of 3-bromo-2-methylprop-1-ene (4.0 equiv) in THF (66% of the amount needed to reach 0.3 M based on propargylic alcohol) was added dropwise over 30 min with a syringe pump at 0 °C. The mixture was stirred at 23 °C for 3 h. The propargylic alcohol (1.0 equiv) was added at 23 °C, the mixture was stirred at 40-50 °C for 2-16 h, and the reaction was quenched by slowly adding 1N HCl at 23 °C. Et 2 O was added, the phases were separated, and the aqueous phase was extracted with Et 2 O (2 ×). The organic layers were combined, washed with brine (1 ×), dried (anhyd MgSO 4 ), and evaporated under reduced pressure. S17 (J. Organomet. Chem. 1977, 142, 9) ; following the general procedure (2 h at 40 °C); the crude product was purified by flash column chromatography (hexane-EtOAc, 4:1); yield: 712 mg (78%). S18. General procedure: To a 0.2 M soln of allylic alcohol (1.0 equiv) in CH 2 Cl 2 at 0 °C was added trichloroacetyl isocyanate (1.05 equiv) dropwise. The soln was stirred 0 °C for 45 min and the solvent was evaporated under reduced pressure. MeOH-H 2 O (2:1, 0.1 M) was then added, the mixture was cooled to 0 °C (if necessary, CH 2 Cl 2 was added until completely soluble), and K 2 CO 3 (3.0 equiv) was added. The mixture was allowed to warm slowly to 23 °C and stirred for 16 h. MeOH was evaporated under reduced pressure and the aqueous phase was extracted with CH 2 Cl 2 (3 ×). The organic layers were combined, washed with brine (1 ×), dried (MgSO 4 ), and concentrated under reduced pressure. S18; following the general procedure; the crude product was purified by flash column chromatography 12a. General procedure: To a cold soln (0 °C) of allyl carbamate (1.0 equiv) in CH 2 Cl 2 (0.2 M) was added triethylamine (2.6 equiv). TFAA (1.2 equiv, freshly distilled over P 2 O 5 ) was added dropwise to the soln at 0 °C. After stirring at 0 °C for 30 min, the mixture was concentrated under reduced pressure. Hexane was then added to the residual oil. The biphasic mixture was stirred for 10 min and allowed to decant. After decantation, the same process was repeated one more time with the residual oil before removing the hexane under reduced pressure. The crude isocyanate was then purified by short path distillation. 12a; following the general procedure; colorless oil; yield: 473 mg (50%); bp 60 °C/15 mm Hg 
4-(Isocyanatomethyl)-2,5-dimethylhexa-1,4-diene (12b)
S19. Following the general procedure for S17 (5 h at 40 °C -J. Organomet. Chem. 1977, 142, 9) ; the crude product was purified by flash column chromatography (hexane-EtOAc, 3:1); yield: 1.15 g (75%). 
S20.
Following the general procedure for S18; the crude product was purified by flash column chromatography (hexane-EtOAc, 3:1); yield: 1.18 g (79%). 
Synthesis
Supporting Information S-12 12b. Following the general procedure for 12a; colorless oil; yield: 812 mg (76%); bp 85 °C/7 mm Hg. 
4-(Isocyanatomethyl)-2,5-dimethylhexa-1,4-diene (12c)
S21. Following the general procedure for S17 (16 h at 45 °C); the crude product was purified by flash column chromatography (hexane-EtOAc, 3:1); yield: 1.37 g (66%); contaminated with a product arising from a double addition of the organozinc. 12c. Following the general procedure for 12a; colorless oil; yield: 928 mg (58%); bp 70 °C/4 mm Hg. S24. Following the general procedure for S18; the crude product was purified by flash column chromatography (hexane-EtOAc, 4:1); yield: 1.54 g (75%, 2 steps). (m, 8H), 0.92 (t, 3H, J = 6.9 Hz), 0.90 (t, 3H, J = 6.9 Hz).
Synthesis

Supporting Information
S-14
(1-Isocyanato-4-methylpent-4-en-2-ylidene)cyclohexane (12e) S25. Following the general procedure for S17 (16 h at 50 °C); the crude product was purified by flash column chromatography (hexane-EtOAc, 3:1); yield: 1.49 g (61% 
S26.
Following the general procedure for S18; the crude product was purified by flash column chromatography (hexane-EtOAc, 3:1); yield: 1.87 g (78%). S28. Following the general procedure for S18; the crude product was purified by flash column chromatography (hexane-EtOAc, 3:1); yield: 1.67 g (98%). 12f. Following the general procedure for 12a; colorless oil; yield: 1.22 g (85%); bp 85 °C/5 mm Hg. 
Synthesis
Supporting Information
S-16
Model Cycloadducts (10a-c, 11a-e, 13a-f, and 14a-f 8, 160.7, 158.7, 129.7, 127.9, 114.4, 98.3, 64.2, 59.5, 55.5, 53.5, 48.9, 40.2, 38.8, 29.3, 27.8, 21.8. IR (NaCl, Thin Film) 2955 , 2868 , 2832 , 1623 , 1547 , 1506 , 1465 7'-(4-methoxybenzyl)-8a'-methyl-8',8a'-dihydro-1'H-spiro[[1,3] 5-(4-methoxybenzyl)-8a-methyl-2-(propan-2-ylidene)-2,3,8,8a-tetrahydroindolizin-7(1H) 5-(4-methoxybenzyl)-8a-methyl-2-(pentan-3-ylidene)-2,3,8,8a-tetrahydroindolizin-7(1H) 5-(4-methoxybenzyl)-8a-methyl-2,3,8,8a-tetrahydroindolizin-7(1H) 
(R)-
(R)-2-cyclohexylidene-
2-( -Silylalkyl)allyl Bromides 20a,b
General procedure: To a 0.1 M soln of allylic alcohol 19a,b (1.0 equiv) in CH 2 Cl 2 at -78 °C were added Et 3 N (2.2 equiv) and MsCl (2.0 equiv). The mixture was allowed to warm to 0 °C over a period of 3 h and quenched with sat. aq NaHCO 3 . CH 2 Cl 2 was added, the phases were separated, and the aqueous phase was extracted with CH 2 Cl 2 (2 ×). The organic layers were combined, dried (anhyd 2-(2,4-Dimethylenealkyl) acrylates 22a,b
General procedure (Synth. Comm. 1988, 1213) : To a mixture of ethyl benzoylacetate (90% from Aldrich, 1.1 equiv) and allylic bromide 20a,b (1.0 equiv) was added K 2 CO 3 (1.5 equiv) and NaI (0.15 equiv). The flask was sealed with a septum and the mixture was stirred at 50 °C for 24-48 h (the disappearance of the allylic bromide and the in situ generated allylic iodide were followed by NMR aliquot). THF (0.7 M), K 2 CO 3 (1.0 equiv), and paraformaldehyde (2.0 equiv) were then added. The mixture was stirred at 65 °C for 24-48 h (the disappearance of the intermediate was followed by TLC).
After cooling, the mixture was quenched with H 2 O. Et 2 O was added, the phases were separated, and the aqueous phase was extracted with Et 2 O (2 ×). The organic layers were combined, washed with brine ( 
2-Methyl-3,5-dimethylenealkan-2-yl Carbamates 24a,b
General procedure: To a 0.2 M soln of allylic alcohol 23a,b (1.0 equiv) in CH 2 Cl 2 at 0 °C was added trichloroacetyl isocyanate (1.05 equiv) dropwise. The soln was stirred 0 °C for 45 min and the solvent was evaporated under reduced pressure. MeOH-H 2 O (2:1, 0.1 M) was then added to the resulting precipitate. The suspension was cooled to 0 °C and CH 2 Cl 2 was added until completely soluble. K 2 CO 3 (3.0 equiv) was added. The mixture was allowed to warm slowly to 23 °C and stirred for 16 h (for 23a, the mixture was kept at 0 °C for 8 h to minimize the desilylation reaction). MeOH was evaporated under reduced pressure and the aqueous phase was extracted with CH 2 Cl 2 (3 ×). The organic layers were combined, washed with brine (1 ×), dried (MgSO 4 ), and concentrated under reduced pressure.
The crude product was purified by flash chromatography (hexane-EtOAc, 4:1). 1, 158.7, 129.7, 127.0, 126.0, 125.3, 114.2, 106.0, 98.6, 85.0. 66.3, 55.2, 50.0, 45.7, 41.6, 39.6, 31.5, 20.8, 15. 5-(4-methoxybenzyl)-2,3,8,8a- 
(R)-8a-[3-(tert-Butyldimethylsiloxy)propyl)-2-isopropylidene-
tetrahydroindolizin-7(1H)-one (26)
Following the general procedure, method C; yellow oil; yield: 5.89 g (70%). 98% ee by HPLC (Chiracel ADH, hexane-iPrOH, 90:10, 1 mL/min). 166.4, 164.0, 135.0, 132.6, 131.8, 130.4, 119.6, 103.8, 103.7, 72.3, 68.1, 60.6, 55.3, 51.0, 47.0, 45.0, 33.7, 32.9, 31.2, 26.3, 26.2, 23.6, biphasic mixture was allowed to warm to 23 °C and stirred for 30 min. The phases were separated and the aqueous phase was extracted with CH 2 Cl 2 (2 ×). The organic layers were combined, dried (anhyd MgSO 4 ), and evaporated under reduced pressure. The crude product can be purified by flash column chromatography (hexane-EtOAc, 4:1) or can be used without further purification for the next step. To a 0.1 M soln of -chloro ketone 31 in CH 2 Cl 2 -MeOH (1:1) at -78 °C was added NaBH 4 (1.8 equiv) in 1 portion. The mixture was stirred at -78 °C to 23 °C for 16 h and quenched with H 2 O. CH 2 Cl 2 was added and the biphasic mixture was stirred for 30 min. The phases were separated and the aqueous phase was extracted with CH 2 Cl 2 (2 ×). The organic layers were combined, dried (anhyd MgSO 4 ), and evaporated under reduced pressure. The crude product was purified by flash column chromatography (hexane-EtOAc, 3:1) to give alcohol 32 (416 mg, 77%, 3 steps) as a colorless gum.
